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Fig. 2. Organic phase: 0.5 M Cyanex® 923 (neutral extractant) in quaternary phospho-
nium Cyphos® IL-101 nitrate form (diluent containing REE-coordinating anions). 
Aqueous phase: synthetic PLS simulating a HCl leachate from Kringlerne REE deposit 
(Greenland) with 77 g/L (0.6 M) REE and 2.5 M CaCl2
Fig. 3. Extraction (%) of REE from three feed 
solutions using pure [C101][NO3]
 Extraction switches from a negative to a positive sequence
 Y(III) reports with the LREE, similar to using carboxylic acids as
extractants (Fig. 3 and 4)
o Decrease of the organic phase consumed and the extraction stages
needed for the full separation of M&HREE from LREE+Y(III).
Because the latter make up the 77 w% of the total REE (Fig. 2 right
side), which will remain in the raffinate (aqueous phase) after SX
o Possibility of easily obtaining Y(III) separately from LREE using the
raffinate as a feed aqueous solution and standard P based
extractants
1. Five theoretical stages for extracting M&HREE (from Sm(III) to Lu(III))
separately from LREE+Y(III) at a volume ratio 1/1 and RT (Fig. 5)
2. Maximum load capacity of the organic phase = 35-40 g/L M&HREE
Almost 100% of the previously extracted M&HREE, can be stripped with
water after only one stage, and even when using less water volume than
loaded organic phase, which allows the concentration of the M&HREE
(Fig. 6).
Fig. 5. Isotherm for extraction of M&HREE 
and their separation from LREE and Y(III), at 
RT and a volume ratio aqueous/organic 1:1
Split-anion extraction showed a cost- and resource-efficient process for the
recovery of REE in separated groups from leaching solutions of
representative European REE ores. Using non-fluorinated phosphonium
ILs instead of molecular organic diluents (volatile, flammable and non-
electrically conductive) and stripping with water instead of acids leads to
safer and environmentally friendlier SX processes. This would secure the
European supply of REE via a more sustainable technology.
4th International Conference on Methods and Materials for Separation 
Processes 4-8 Sep. 2016, Brunów
1) Compare the separation factors to the incumbent commercial process
2) Test the split-anion extraction (dependent on the aqueous feed solution
composition) in real aqueous REE-concentrates leachate solutions
Dissolving Cyanex® 923 in the nitrate IL:
 The loading capacity (with REE chlorides) of the organic phase
substantially increased
SX is the most important process for separately obtaining REEs (Fig. 1).
Conventionally, it requires a lot of organic diluents and acids.
Split-anion extraction is a more environmentally friendly approach:
- Almost no pH control
- Easy to strip
- Low volatile, non flammable and static electricity not accumulated
- High extraction efficiencies of REE from chloride aqueous solutions
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To not extract Y, no more than 44 g/L TREE.
Howerver it does not affect the separation, as the slope does not change significant
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Fig. 4. Extraction (%) of REE with and without
0.52 M Cyanex® 923 (20 v%) in [C101][NO3]
Fig 6. Stripping % (S) of M&HREE (RT) 
with water at different volume ratios 
organic/aqueous (o/a)
Sm (Eu) Gd (Tb) Dy (Ho) Er (Tm) Yb (Lu)
0
20
40
60
80
100
 
 
 
pH DW = 6...
pH aq eq after SX
= 4
Loaded 20 v%cyanex923 in [C101][NO3]. 39 g/L MREE & HREE. 
Steeply inclined shaking, 400 rpm, RT
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The IL (solvents consisting solely of ions) has the anion that coordinates
and transports the REE cations/salts into the water-immiscible IL. It favours
the formation of stable neutral REE complexes with high solubility in the IL.
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Abstract The EU is heavily dependent on imported rare-earth elements (REE), critical metals in motors, electronics, renewal energy and catalysts. Split-
anion extraction1 is a new method for extraction and separation of REE that uses ionic liquids (ILs) as the main component of solvent. Such
methodology offers no volatility, low explosion hazard, unique selectivity, cost savings and lower chemicals consumption. The chemical similarity between the
REE makes them hard to separate with high purity. Here, the separation, concentration and recovery of medium and heavy REE (M&HREE) separately from
Y(III) and light REE (LREE), was obtained with 0.5 M Cyanex® 923 in the IL [C101][NO3] and water, from a representative EU feed aqueous solution.
Objective To develop, optimize and demonstrate an innovative IL technology for the extraction and selective separation of REE efficiently and profitably
from currently unexploited European REE deposits, with minimum impact to the environment.
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Fig.1 Solvent extraction unit. Aqueous phase: blue, 
organic phase: yellow, mixing both phases: green
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